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@ Programmable Input/output circuit and programmable logic device. 

@ In a programmable Input/output circuit wtiich Is used in a 
programmable integrated circuit, for interfacing between an 
external circuit and an Internal logic circuit* both disposed 
exterioty and interiorly of said integratsd circuit, an Input/output 
temilnaJ(40) connected to a bus of the Internal logic drcuHg and 
a trl-state Input buffer (44, 46) are provided, and hereby assured 
that an external Input signal Is transmitted to either of the 
input/output temiinal ar)d an ordinary Input ternilnal(42) by 
switching the status of the tri-state input buffer. In a 
prograrnmable logic device, which Incorporates said input/out- 
put circuit, a bi-state buffor(106) Is provided between an 
Input/output circuit block(80} and a wiring element(102), and 
hereby a driving capability of the wiring element used as a bus 
line Is increased. 



FIG. I 
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Description 

Programmable Input/output circuit and programmable logic device 



The present invention relates to a programmable 
input/output circuit for use In a programmable 
Integrated circuit interfacing between an external 5 
circuit and an internal logic circuit, and to a 
programmable logic device incorporating such an 
input/output circuit More specmcall/, the present 
invention relates to a programmable input/output 
circuit being capable of effective signal transfer io 
between buses located interiorly and exteriorly of 
the programmable integrated circuit and being 
suitable for use in a programmable logic device with 
which a user can electrically program an arbitrary 
circuit at his hand, and to a programmable logic 75 
device incorporating such a programmable input/ 
output circuit. 

A programmable logic device (hereinafter, simply 
referred to as a PLD.) is well known until now, which 
Is an integrated circuit adapted to permit a user to 20 
establish therewith an arbitrary logic circuit at his 
hand. 

The PLD Includes primarily a configurable pro- 
grammable logic element (hereinafter, simply 
referred to as a RLE.) for constructing a user's own 25 
logic, a memory cell for defining a circuit function, Le. 
for determining the logical function of the RLE and a 
connection relation among internal wirings In the 
same, and a programmable Input/output b!ock(here- 
after, simply referred to as an lOB.) for interfacing 30 
between external and internal logic circuits of the 
PLD. 

The lOB 35 includes, as illustrated In Fig. 7 for 
example, an output terminal 12 connected to a 
programming wiring in the internal logic circuit, an 35 
input terminal 14 connected to a programmable 
wiring In the Internal logic circuit, a pad 16 
connected to the external circuit, an Input buffer 18 
for converting an external signal applied to the pad 
1 6 to an Internal logical level by detecting a threshold 40 
of the lOB 35 to assure compatibility between a TTL 
(1 AV) level and a CMOS (2.5V) level for example, a D 
flip-flop 20 of an edge trigger type for example for 
latching an output from the input buffer 18, a 
programmable two-input multiplexer 22 for transmit- 45 
ting one of outputs from the Input buffer 18 and the 
D flip-flop 20 to the Input terminal 14 In conformity 
with contents previously stored in a memory cell (not 
shown), an output buffer 24 for converting to a 
predetermined driving current an output signal of a $0 
high fan-out CMOS or TTL level led to the output 
terminal 12 and transmitting the converted driving 
current to the pad 16, and a three-input multiplexer 
28 for controlling the output buffer 24 by switching it 
on and off or by two circuit-function-defining 55 
memory cells (not shown), each of which selects a 
tri-state buffer control In the internal logic circuit or 
by an lOB output control signal applied to an output 
control terminal 26. 

Additionally, for provision* of any bus In the PLO. 60 
there is known a technique disclosed for example In 
•Electronic Design", July 11, 1985, P 111. 

The prior PLDs however suffer from some difficul- 



ties as follows: there are independently disposed 
signal lines which a bus connecting among the 
respective PLEs in the PLD is connected on one side 
and a bus external to the PLD Is connected. In the 
other side. In addition, an input terminal and an 
output terminal are separately provided. It is there- 
fore difficult to directly Introduce a signal on a bus 
located on a circtiit board (a signal external to the 
integrated circuft) onto a bus located In the 
Integrated circuit (PLO). and hence the Introduction 
of the former signal is needed to be done utilizing 
another signal line. It is thus required until now, as 
Utustrated In Hg. 8, i^on connecting a bus 31 of an 
external Integrated circuit 30 with a bus 36 of a logic 
circuit (PLE) 34 in the PLD 32, to once enter an 
external signal onto a programmable wiring 37 via an 
lOB 35 as Illustrated In Rg. 7 for example and 
thereafter enter the same signal Into the Internal 
logic circuit 34 via the programmable wiring 37 
including a switch 38 for switching the state of 
wiring. This requires many constituent circuit ele- 
ments particularly additional relaying elements, fol- 
lov/ed by time consuming operation, thus making 
Impossible effective signal transfer. 

In view of the drawbacks of the prior techniques. It 
Is an object of the present invention to provide a 
programmable input/output ctrcutt capable of direct 
incorporation of a signal from the outside of an 
integrated circuit onto a bus included In the 
integrated circuit and a programmable toglo device 
(PLD) Including such an input/output circuit. 

To achieve the above object, the present Imrentlon 
provides, in one aspect, a programmable Input/out- 
put circuit for use in a programmable Hegrated 
circuit, for Interfacing between an external circuit of 
the Integrated circuit and an Internal logic circuit of 
the same, comprising an input/output terminal 
connecting to a bus of the internal logic circuit an 
Input terminal connected to a programmable wiring 
of the internal logic drcult, a tri-state input buffer for 
transmitting an Input signal fed externally of the 
circuit to any one of said input/output terminal and 
said input terminal, and a tri-stato output buffer for 
transmitting externally of the circuit an outptit signal 
from the Internal logic circuit fed to said input/output 
terminal 

The present Invention further provides. In the 
other aspect, a programmable logic device Including 
a programmable input/output circuit block, the 
programmable logte device comprising an input/out- 
put control terminal provided In said Input/output 
circuit block, wiring means capable of programming 
electrical connection, a tri-state buffer Including an 
enable control Input terminal, and wherein the 
enable control of the tri-state buffer is performed by 
a control signal generated in said Input/output 
circuit block. 

\n the first aspect of the present invention, the 
programmable Input/output circuit Includes, as 
Illustrated in Fig. 1, an input/output terminal 40 
connected to a bus of an Internal logic circuit and 
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tri-state buffers 44» 48. An input signal from the 
outside can be transmitted to any one of the 
input/output terminal 40 and an input terminal 42 by 
switching the statuses of the tri-state Input buffers 
44. 48. Accordingly, the input buffer 44 can transmit 
the input signal from the outside to the tnput/output 
terminal 40, so that the input signal Is directly 
entered into the bus of the Internal logic circuit. This 
assures effective signal transfer between buses 
located interioriy and exterioriy of an integrated 
circuit. 

If there Is no need of directly Incorporating a signal 
from the outside of the Integrated circuit Into the bus 
located interiorly of the integrated circuit, then the 
input buffer 48 could transmit the input signal from 
the outside to the Input terminal 42, assuring the 
same function as in the prior programmable input/ 
output circuit. 

With regard to the second aspect of the present 
Invention, where a programmable logic device (PLD) 
incorporates the aforementioned programmable 
input/output circuit, a wiring element 102 located In 
the PLD 30 will be connected, as illustrated In Rg. 2, 
to a signal terminal 40 of an input/output circuit 
block (lOB) 80 typically through an NMOS translster 
104. Hov/ever, for the wiring elements 102 located In 
the PtD 30, there are various types In view of the 
length and flexibility thereof. In particular a PLD. 
which more advantageously Incorporates the pro- 
grammable input/output circuit according to the 
present invention, includes therein a bus line. Such a 
bus line however suffers from a difficulty of Its having 
large floating capacitance, differing from other wiring 
elements. For this reason, the aforementioned 
connection through the NMOS transistor 104 causes 
lov/ering of an operation speed. 

Accordingly, in the PLD according to the present 
invention, a tri-state buffer 106 is provided between 
the lOB 80 and the wiring element 102 used as the 
bus line, as Illustrated In Fig. 3, to improve the 
capacity of driving, and hence Improve the operation 
speed of the device. Thereupon, an enable signal for 
the tri-state buffer 106 can be supplied from the lOB 
80 to define the direction of transmission of an 
associated signal. 

The exact nature of the present invention, as welt 
as other objects and advantages thereof^ wIO be 
readily be apparent from consideration of the 
following specification relating to the accompanying 
drawings, in which like reference characters desig- 
nate the same or similare parts throughout the 
figures thereof and wherein: 

Fig. 1 Is a circuit diagram Illustrating the 
arrangement of a first prefeaed embodiment of 
a programmable imput/output circuit according 
to the present invention; 

Fig. 2 is a block diagram Hiustratlng the 
arrangement of an example of comparison with 
a programmable logic device (PLD) Incorpora- 
ting the programmable Input/output circuit 
according to the present invention; 

Fig. 3 is a block diagram Illustrating the 
arrangement of a prefen-ed embodiment of the 
PLD according to the present Invention; 

Fig. 4 is a circuit diagram illustrating the 



arrangement of a second preferred embodi- 
ment of the programmable input/output Circuit 
according to the present invention; 

Fig. 5 is a plan view exemplarily illustrating the 
5 whole arrangement of the PLD incorporating 

the programmable Input/output circuit accord- 
ing to the present Invention; 

Fig. 6 is a circuit diagram Illustrating the 
situation of connection with an external bus 
10 with use of the programmable Input/output 

circuit according to the present Invention; 

Rg. 7 Is a circuit diagram exemplarily Illustrat- 
ing the arrangement of a prior programmable 
input/output circuit, and 
IS Rg. 8 is a circuit diagram illustrating the 

situation of connoction with an external bus 
with use of the prior programmable Input/out- 
put circuit. 

In what follows, prefen-ed embodiments of the 
20 present invention will be described with reference to 
the accompanying drawings. 

A first preferred embodiment of a programntable 
input/output circuit according to the present Invert 
tion includes, as illustrated in Fig. 1, an tnput/output 
25 (IN/OUT) temiinal 40 connected to a bus of an 
internal logic circuit, an Input (IN/CE) terminal 42 
connected to a programmable wiring In the Internal 
logic circuit, a pad 16 connected to an external 
circuit of an integrated circuit, an input buffer 18 for 
30 converting an Input signal applied to the pad 16 from 
a TTL or CMOS logical level to an Internal logical 
lovel, a first tri-state input buffer 44 for transmitting 
an output from the Input buffer 18 to the Input/out- 
put terminal 40. a second tri-state Input buffer 48 for 
35 transmitting the output from the Input buffer 18 to 
the input terminal 42 by being switched on and off by 
contents stored In a memory cell M composed for 
example of a non-volatile memory circuit, a two-Input 
multiplexer 50 Including therein a memory cell (not 
40 shown) for selecting as a status control signal for the 
input buffer 44 any one of a chip enable (CE) signal 
and an earth signal both entered from the Input 
terminal 42. and a tri-state output buffer 24 for 
transmitting the output signal to the pad 16 fed from 
45 the internal logical circuit to the Input/output 
terminal 40 by being switched on and off by an 
output enable (OE) signal applied from the Internal 
logical circuit to an output control terminal 26. 
Operating of the first embodiment constructed as 
SO mentioned above wSI be described. 

Rrst. an ordinary situation wni be described* 
where there Is no need of directly lncon;>oratlng an 
Input signal fed externally of the Integrated circuit 
onto the bus located Interioriy of the same. In this 
S5 situation, It Is assumed the Input buffer 44 has been 
switched off, and the Input buffer 48 has been 
switched on. The Input signal entered Into the pad 16 
Is connected from the Input terminal 42 to the 
programmable wiring In the Internal logic circuit 
60 through the Input buffers 18, 48. In contrast, an 
output signal from the Internal logic circuit Is entered 
into the input/output terminal 40 and outputted to 
the pad 16 through the output buffer 24 as In the 
prior case. The output buffer 24 is switched on and 
6S off by the OE signal applied from the internal logic 
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circuit to the output control terminal 26. 

On the contrary, if there is the need of directly 
incorporating the input signai fed externally of the 
integrated circuit onto the bus in the Integrated 
circuit, then the input buffer 44 is switched on and 
the input buffer 48 is switched off. Hereby, the 
input/output temiinal 40 Is connected to the bus in 
the Interna! logic circuit, and hence an Input signal Is 
transmitted from the pad 16 to the internal logic 
circuit through the Input buffers 18. 44. and the 
input/output terminal 40 while an output signal being 
transmitted from the Internal logic circuit to the pad 
16 through the input/output terminal 40 and the 
output buffer 24. This establishes effective signal 
transfer between the buses located Interior!/ and 
exteriorly of the Integrated circuit 

The first preferred embodiment is arranged as 
described above In a very simpRfied an^gemcnt 

It should here be noticed that if no compatiblfity is 
required between TTL and CMOS levels, then the 
input buffer 18 may be neglected. 

In the foliov/ing, a second prefen-ed embodiment 
of the programmable input/output circuit according 
to the present invention will be described in detail 
with reference to Rg. 4. 

The second preferred embodiment of the pro- 
grammable input/output circuit according to the 
present invention first includes, as in the foregoing 
first embodiment, a pad 16, an input buffer 18 
including a memory cell M, an output control (TS) 
terminal 26. an Input/output terminal 40 for use in 
direct transfer of a signal (Direct In), an input 
terminal 42 for use In ordinary transfer of a signal 
{Registered In or Internal Bus Tri-State), an input 
buffer 44, an input buffer 48 including a memory cell 
M. and a two>input multiplexer 50. 

The second embodiment further includes, as its 
additional features, a pull-up resister 51 for pulling 
up the potential of the pad 16 to a power supply 
voltage upon no input signal, a pass transistor 52 
including therein a memory ceil M which is to switch 
the pull-up resistor 51 on and off, a D flip-flop 20 tor 
latching an output from the input buffer 18. a 
two-input multiplexer 22 for selecting any one of an 
output signal Q from the D flip- flop 20 and the 
output from the input buffer 18, an exclusive OR gate 
54 Including a memory cell M for Inverting at need an 
output from the two-input multiplexer 22 and 
inputting it into the input buffer 48, an exclusive OR 
gale 56 Including a memory cell M for inverting at 
need an output from the two-in put multiplexer ^ to 
input It Into the input buffer 44 as a status control 
signal, an exclusive OR gate 58 including a memory 
cell M for Inverting at need the output signal from the 
Input buffer 18 to input ft into the input buffer 44, an 
ordinary output terminal 60 provided independently 
from the direct connection input/output terminal 40, 
a D tllp-flop 62 for latching an output signal Inputted 
from the output terminal 60. a three-Input multiplexer 
64 for selectively outputttng any one of an output 
signal Q from the D flip-flop 62 and the output signal 
from the output terminal 50 or the output signal from 
the Input/output terminal 40. an exclusive OR gate 
66 including a memory cell M for inverting at need an 
output from the three-input multiplexer 54 to input it 



into the output buffer 24, an exclusive OR gate 68 
including a memory cell M for inverting at need the 
signal applied to the output control terminal 26 to 
input It into the output buffer 24 as a status contol 

S signal, a reset terminal 70 for inputting a reset signal, 
a reset terminal 72 for inputting a global reset signal, 
a NOR gate 74 for inputting the logical negation of a 
logical sum of the signals applied to the reset 
terminals 70 and 72 into the D flip-flops 20, 62 as a 

ro reset signal R. a clock temiinal 76 for inputting a first 
clock signal CLK1 into the D flip-flop 62, and a clock 
terminal 78 for inputting a second clock signal CLK2 
into the D flip-flop 20. 
Another arrangement and basic operation of the 

fS second embodiment are the same as In the first one, 
and hence the description will be omitted. 

In the second embodiment, there are addlttonally 
provided, as described above, the pull-up resistor 
51, the latching D flip-flop 20, 62. the signal selecting 

20 multiplexers 22. 50. 64, the signal inverting exclusive 
OR gates 54. 56, 58, 66, 68, the ordinary output 
terminal 60. and the two clock temmals 76, 78. 
These additional elements are available In a pro- 
grammable manner, assuring higher flexibility of the 

2S circuit 

As illustrated in Fig. 5, the lOBs 80 according to 
the present invention are applicable to a programm- 
able integrated circuit including PLEs 34 as Internal 
logic circuits, switching stations (SSs) 84. and buses 

30 36, wherein outputs from the lOBs 80 are directly 
connected to the respective buses 36 through 
pull-up resistors 88, for example. 

Here, as Illustrated In Fig. 5, Internal wirings 90 
indicated by broken lines interconnect the PLEs 34 

35 with the switching stations 84, respectively. 

It should be noted here that the buses 36 and the 
PLEs 34 disposed In the integrated circuit may be 
connected through tri-state buffers, respectively. 
In accordance with the programmable input/out- 

40 put circuit of the present Invention, the bus 31 
connected to the external integrated circuit (PLD) 30 
is connected to the bus 36 of the PLE 34 In the PLD 
32 only through the lOB 80 of the present invention. 
Hereby, effective signal transfer can be assured 

45 between the buses 36 and 31 located interiorly and 
exteriorly of the PLD 32 (integrated circuit), differing 
from the prior example Illustrated in Fig. 8. 

Rnally. a preferred embodiment of a PLD incor- 
porating the programmable input/output circuit 

so according to the present Invention will be described. 
A PLD 30 in the present embodiment Includes, as 
Illustrated in Fig. 3, an lOB 80, which Is comprised of 
an Input control terminal 108, an output control 
terminal 110. Input control signal gererator 112, and 

55 an output control signal generator 114. a wiring 
element 102 used as a bus line capable of electrically 
programming associated connection, and a trI-state 
buffer 105 Including an enable control Input terminal. 
The tri-state buffer 106 Is enable-oontroned by a 

60 control signal generated by the input control signal 
generator 112 disposed in the lOB 80. Here, 
designated at 104 Is a NMOS transistor. 

In accordance with the present embodiment, 
driving capacity of the wiring element 102 Is raised. 

65 so that the operation speed of the PLD 30 can bo 
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improved. 

Although certain preferred embodiments have 
been shown and described, it should be understood 
that many changes and modifications may be made 
therein without departing from the scope of the 
appended claims. 



Claims 

1. A programmable input/output circuit for 
use In a programmable Integrated circuit, tor 
interfacing between an external circuit of the 
integrated circuit and an internal logic circuit of 
the same, the programmable Input/output cir- 
cuit comprising: 

(a) an input/output tenninal(40) con- 
nected to a bus of the internal logic circuit; 

(h) an input termInaJ(42) connected to a 
programmable wiring of the IniernaJ logic 
circuit; 

(c) a tri-state input buffer(44>, 48) for 
transmitting an input signal fed externally 
of the circuit to any one of said input/out- 
put terminal and said Input terminal, and 

(d) a tri-state output buffer{24) for 
transmitting externally of the circuit an 
output signal from the Internal logic circuit 
fed to said input/output terminal. 

2. A programmable input/output circuit ac- 
cording to claim 1. further comprising an input 
butfer(18) for converting said Input signal from 
aTTL or CMOS logical level to an internal logical 
level. 

3. A programmable Input/output circuit ac- 
cording to claim 1 or 2, wherein said tri-state 
input buffer includes a first tri-state Input 
buffer(44) for transmitting said input signal to 
said input/output terminal and a second tri- 
statB Input buffer(48) which is switched on and 
off In conformity with contents stored in a 
memory cell(M) for transmitting said Input 
signal to said Input terminal. 

4. A programmable Input/output circuit ac- 
cording to claim 3,further comprising a two- 
Input multlplexer(50) including therein a mem- 
ory ceil, the multiplexer selecting any one of a 
chip enable signal and an earth signal entered 
through said input temnlnal as a status control 
signal for said first tn-state Input buffer(44). 

5. A programmable input/ ouput circuit 
accordingly to claim 1,2,3 or 4, wherein an 
on/off status of said output buffer(24) is 
controlled by an output enable signal applied 
from the internal logical circuit to an output 
control terminal. 

6. A programmable Input/output circuit ac- 
cording to any preceding claim, further com- 
prising a pull-up reslstor(51) for pulling up the 
potential of a pad(16), to which said input signal 
is applied, and a pass translstor(52) including 
therein a memory cell(M) for switching said 
pull-up resistor on and off. 

7. A programmable input/output circuit ac- 
cording to any preceding claim, further com- 



prising a D flip-flop(20) for latching various 
signals and a two-input multiplexer(22) for 
selecting any pne of an output signal from said 
D flip-flop and an original signal. 

5 8. A programmable input/output circuit ac- 

cording to any preceding claim, further com- 
prising a first reset terminal(70) for receiving a 
reset signal, a second reset termina)(72) for 
receiving a global reset signal . and a NOR 

10 gate[74) for outputting as the reset signal the 

negation of a logical sum of the signals applied 
to said first and second reset terminal. 

9. A programmable logic device Including a 
programmable Input/output clrcix't block(80), 

IS comprising: 

(a) an Input/output control termlnal(108» 
110) provided In said Input/output circuit 
block: 

(b) wiring m6ans(102) capable of pro- 
20 gramming electrical connection; 

(c) a tri-state buffer(106) Including an 
enable control input terminal, and 
wherein the enable control of said tri-state 
buffer is performed by a control signal 

25 generated In said Input/output circuit 

block. 
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